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e„,c,cy Of herb,m,c,„ A in „i„ 6CR>a£™„S?X"''' 
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inhibitor, /n wVo antitumor acHvky ""'^^P^^'^'", protein tyrosine kinase, tyrosin 



Introduction 

The icr/nW oncogene is the product of the Phila 
delphm chromosome (Ph-), resulting ronf he 
rec^rocal translocation between chroo^oso^erp a^d 
22 which are found ,n Ph'-positive leukemias which 
mainly constitutes more than 90% of chronic inye o 
■genous leukemia (CML) and approximatr^o% of 
adult acute lymphocytic leukemia (ALL) [L-l fhe 
bcr/atl fus,on proteins generating from L hvbrJd 
ocr/abl genes, P2I0*^^'"" and exhibi 
deregulated tyrosine kinase activity of ABL V^d 
oncogenic activity in vitro and in ui'oo [6-91 

and i^r' 7="'"' 1^' '^"^y °f ^he .ene 
and ,ts. product m Ph'-positive leukemia offerl an 
opportun,ry for developing several strategies foJ 
spectfic therapy targeted against BCR/ABL f O-iT 
Herbimyo. A, an inhibitor of protein tyrosinl kinase 
IK) Aai we isolated on the basis of its ability to 
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kinase 



cause rat kidney cells transformed by v-src tn r. 

to normal morpholo.v with a loss of PT?. ? '\ 
■ the transforming proTem of ^II^IuL T'' 

display a relatively selective shh; -'' to 
transformed cells b^ot" ^ ^^6^ f " 

PTK rp] In- SrJi ;n H ^^^'^"^'"S BCR/ABL 
protem-associaced tumors. ^^^VABL onco- 



Matcrials and Methods ' 
Munne hemmopoisilc ceil lines 

The murine IL-i 6^rvn■^^■., u 
FDC-P2 [!7j was iis=.| ,n^,?. e . *'T'^'°P°"^''''^ cell line 
I I us. J in this srudy. As control cells, PSi5. 



iransfecdon of retroviral oeaor expressing P^KP^I^^ -.^^ 

Five million FDC-?2 cePs wst' c>-if— H '->« •• • 

Ci a .,.].\:ure o. ^0 al Lipofectin (Gibco, Berlin G-manv^ 

i^PV/fT kIa ^^^^^ selected m a 

xi'MMdaO medium to which lO^r f^-oi w 

added m the presence of rmIL-3 for 10 days, and were 'h n 
ru,.he. selected m a medium lacking mIL-3 for IL 3 
independent srowth. In the abs=nc' nf mT? % , 
or mock p2I?N-eoSVX>:)-t4fS FD? P^' 
-ithin 72 h. but G418Uistan^pGSS'^raS e"^^^^ 

In vitro groyi-'ih testing for herbimydn A 

The assay of cellular proliferation was carried out bv 
using the colorimeric MTT method, the ce fs r2 x (5/ 

RPiMI lo40 with or without herbimycin A, -and cultured 

ror the last 4 h, formazan crystals were solibilized in 100 J 

tnc Tokyo., J apan) usmg a test wavelennh of 570 nm with 
a reterence wavelength of 630 nm. 

W^^yfcrn and immune complex kinase assay ofBCR/- 

Transfonnant FDC-P2 cells were cultured for 16 h in the 
cTvHh r''^TK\°^° -''^=/'"' of herbimycin A wher! 
cells were ^u'^ ='°"P^ "'^^ than 90% The^ 

,nh-l> ^''^'^ P'"*"« °f kinase and phosohatase 
mhioitors.. as previously described by Lon4 flSl THp 
lysate was clarified by centrifusation at 4'C and Jtf 
proteins ,n the supert^atant wer'e separated b; SDS-?AbE 
w%e bIo't!d'n"f'"°"^ d^hiothrei'tol) ProtS 

m;mb'r rVhrsc'R/Sf ^^^^^^ 

i.e.'r^r, o . ^^K/ABL oncoprorem was identified 

Tne immune complex kinase assay was carried out bv 
ly, 20J. In bnet, the cells (1 x 10') wer- harve.:teH 

-Sir °'r ■ ' ^ ^° s 



Nsxi, iirmuni co-d-:.!;''..- V •"^^'^ iOmm 
iDS-Dolvacr.iamiW^ "^^r/zeo on 7.5% 

^itii an incensifyir;7scV;^n. ^^toradiography 

Oriental Kobo Co. S^^^^^'''^' ^^-^ by 
Examination of tumor cells and tissues 

forSe:rbloraSfv2'?'i:^°-°"'".' ^^^^^^ 
tissues 

withahuman3..;°gSSS?betM'^^^^^ 

Administration of herbimycin A 
1% (V/V) of Tween ^n V, 

bimycin AVe JtTe„ :?mii^t"?H? °f h^'"- 

itoneally into syngeneic mAn:;j:^tJZ''" 

Expression of results 

n^e^tm^mlT^f^iS ^-I^- for 

Bars in figures in^ca f oae% D •^^"^"'^d- 
was carried out usin. a Stud.n?c' ""^'^^^^ 
interpreted . be sifcL^^S^^^^^^^^ ^toSr 

Results 

■ ?5/'^°/f of herbimydn A orr BCR/ 
A BL-transformed murine cells 

Showed no sig,tficant inhrbitroo oft 3h of 

<cuy on ntunne P815 cells and P388 cells (Fig. i) 

EyT'ec/ of herbimycin A on BCR/art ^ 
and tyrosine kinase ^^^'^SL oncoprotein 

We previously reported that the antitumor ac(iv,-v 
or herb.n.,ctn A on Ph'-posttive leukemrc: s 

aCK/ABL PiK in spue of havins no effect on th^ 
expression of BCR/A3Loncoprote-in [12j siLilar^ 

r.v.aled that nero.mycin A dramatically suopressed ' 




Concentration of hsrbimycin A Ug/n,,, 
2en.f Sc-?2^"gS^^^ /-'-o growth of 
Sc of h°T" hematopoietic malionant cells" 

natan, obtained i^^^'v^HI ceS °' ^"P^^ 

ABL were assaved bv MT^' ''IS'n "° " 

assay was carried out aJter £e 7^^ ^ni^dr 
respectively. The gro.-rh o P8 5^dls and pS^ 't"'"' 
not sioniScantiy inhibited at low doses of 13 I' 

the autophosphorylation activity of t^j^r. 
Sine kinasein BCR/ABL-transformed FDC-P2 cells" 
-hileit d,d not affect the an,oant of BCR/aBL 
oncoprotein (Fig. 2). o^cK/j\aL 



Mice bearing rumor cells trans/ecled mth BCR/ABL 

7m f '"-""'^^ syngeneic DBA/ 

2 m,c , whereas parental FDC-P2 cells ^v•ere no 

ruL,-f^ cells by i.p. injections exhibited a -radual 
crease of abdominal tumors and died within 5-n 

revealed hat tamor cells formed masses on the 
abdommai walls and infiltrated mainly into mesentric 
and retropentoneal lymph nodes (Fic sfA)) The • 
mvasions were o.bser^.■ed in the liver spfeen o ncrea 
and pentoneum (Fig. 3(A)), bu, were not 'note" n 
other organs .ncluding the lungs and kidneys The 

(4 3(B))' "'"^^ ' ^"'"^^ P'-°be 

In vivo efficacy ofherbim.ydn A in mice bearing SCR/ 
A5L oncoprotein-associaied tumors 
Tiie study regarding determination of lethal dose 
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Fig. 2. Suppression of SCR /ABL PT;r . . 
-y-n. (A) For the wester^'bttL^o^ rCR/AfiT 
protein, transformant FDC-P? cell. T... ^^f-'^^^ onco- 
'n the presence or absenc-'ot o" '"u'"'^'^ h 

and then cellular protefn^was sol >t' d T °' 
of protein were si-biect-d -n ^^^nty micro srams 

the immune c^^^l^^^^^^i- (B) .For 
^DC-P2 cells we're treated w rh „ ^^-^'^' transformant 
herbimycin for 16 h. After tt Yhr^n"' °^ 
immunopreciDitatPri vvJfS L extracts were 

The result.n.'^^ml';:' ^ monoclonal antibody. 

-autoXprSati^^nl'a^Sr^^ ^'^'^^ 



body weight. T.e ^^^^Z^T^^^ 
oimycm daily for 5 davs at less than " n /, 

. diertnanl X 10 of transformant cells (Fio MA)) 

all mice inoculated with 1 x w AiL T 
'P- administration at LO ^Z'^;::^^ 
tumor formation in two out of n^e^^^ 
In contrast. PS15 cells and PISS c^ll^ wsf.h ^ 
not sensitive to herbimvcin A > . 
Plantable into syngeneic DB A / mr^^^^V;? 
■noculated i.p. with amounts o grea tf n I x" ? 
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^-noniic U.NA p.otv. Lane - . parental FDC-P: cd!s: hi'x ^ inrM'r- • i cr "r pV ''^ Southern blot usin^2' 
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cells FiveHRA/o ■ ^'-^/^^L-transformed FDC-P? 
with he.rbiSycm^A"m^''r.r"^ admLnistered i.pT 

significant, p < O.OOl (Student's Mest) 



cells died within 12 weeks. In this case, herbimycin 
A administration had no effect on their s^rvivalTates 



Discussion 

ate7^irw'''^^'' demonstrated to be associ-' 
and wi h ^^^"^ °f n.any growth factors 

and wuh transforming oncogenes such as src abl 

vai;;'oTpTK^"- "^r 

a vanety of PTK may play a critical role in the 
prolueration and differentiation of cells [22] as J'] 
as m some malignant transformations of cell , where 
Ph -positive leukemia is representative in human 

mhibi ors^ .nciuding genistein, erbstain and lav- 
S onSprP '^=".^=-'°P^=^ °n basis of inh - 
tnese inhibitors oi receptor-type tyrosine kinase 



of causir-o n r=.v=,-o-,— - ^^'^f-S. -■ascaoahl" 
corna virus-infected rat kidne^^^^f!^ ^^"^ 
Pnology at modest con-n'r-r'-v, 
P60^- PTK activity f:^7 SSe-:" ^^^'^^^^^ 
demonstrated th/t he^tim";^^ a p"'^^^ 

pressed I>h-positive Je-keih V -^^'P- 
iiT3i ^^"-luv^ jejKemiia cell growth anH or-n / 

ABL oncoorotei,n.a«oci-5VH SCR/ 

In this study, we ^va'uqr-d - 

syngeneic DBA/2 mice in whi.h """^"'^ 
of ^-ansformant FdTpV c=t It'r. 
of massive swelling of "hd; ' ?/^'^ ^"^""'^n 
the infiltration ^AfdotmS't ^^.Sl^^ 

Sg^lhl^Bt^BLT-.^-F--^^^^^^^^^^ 
adminiltratiofo?{tbit;rnTatr"^' 
'ess than 2mg/kg bod/ wei^h^ oTfd'f""' °' 

secut veJy for 2 wpaVc a ^ ^^-^^ "^^n- 

surv-ival time o mice S^^^^^^^ 
-ith more than 1 X 1^ to;rn ^'^^ inoculated 

con.pieteiyp.ot:c:^JU™::^^^^^ 

the /. .ioo anttm" "e?.\ r;r"-' '"^'-'''^^ 
-urine model inoculated; th^^^ttT^^ " 
•ng murine myeloid cell lines Cl cdM p 'P'"'" 
■t has been shown that herb mS^ A at^if 
cytotoxin asainst malian.nV^ k ^ P°^^"t 

primitive ne"ural fe-iTur? h ^^'"^ 
nude mice Of ties sSe ceH^ tumorigenicity in 
reduced by syst^ic n 1 

bimycin A^uT nv pTrluo""'-^^"'°" ' 
animal [24] ^ apparent toxicity to the whole 

leukemia " ' f"''?"^'"" 
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